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1 
The inventionreiates'toa:contactor for inti- 
matelY contacting two or more liquids thaç are 
at least Partially immiscible, e. g., immiscibIe or 
partially miscible, so astro form two liquid phases 
when in contact with 'each other, the contactor 
betng of the type having a :plurality of discs 
mountëd ,on a rotating Shaft within a station- 
.ary sheH having flxed .bafltes. Such apparatus 
.is suitable for effecting :intimate contact be- 
.tween lquids flowing ithrough the shell in the 
.saine direction or in countercurrent and may 
'be .applied, for example, for the solvent extrac- 
"tion of liquid miXtures,"such as' mineral ur"fatçy 
or essential oi]s with one or 'more selective sol- 
vents, or for causing tntimate contact between 
 reagents when carrying out chemtcal reactions, 
such _as reactions between higher oleflns and 
sulfuric acid. 
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preciably greater than the inner diameter ofthe 
stator rings fo bring the surfaces of the rings 
. and rotor baffies facing each other, which has 
heretofore been regarded as important for creat- 
ing .shear between the liquids for effective con- 
tacting. This arrangement marie it difficult fo 
assemble and disassemble the apparatus because 
the rotorand the attached rotor balïïes could hot 
'be moved through the central holes in the star- 
.or rings. Moreover, contacting efficiencieswere 
not as great as can be realized with the .con- 
tactor ofthe present invention. 
Aso, insuch prior contactors the rotor dics 
were proviled with irregularities, such as per- 
foratons,, stirrers, and radial fins or ribs for 
the purposes ofinsuring a more positive agita- 
tion of the liquids when the discs were rotated; 
further, .the edges of the rotor and/or:stator 

Thecontactorof thepresent:tnvenion, briefly, ,rings were flanged. These arrangements re- 
comprises a stationary tubeor shell of which the 2O  sulted in:turbulence and random eddy currents, 

part forrning the actual contacting,zone.isl sub- 
divided.into,.a.plurality ofcompartments, pref- 
erb!y .substantial!y identical in. size and shape, 
by stationary annular bafltes or rings'having cen- 
tral .openings. !urther, there are rotor discs, ,25 
onein each compartment, flxed on a rotor shaft 
,coaxial with the stationary tube, the d!sc s be- 
, ing]ocated ,approximate!y halfway beçween the 
Stätionary bafltes. The liquids :fo be contacted 
,r,e fed ,into ,the contactor fo :traverse the sev- 
eral compartments successively, etther in a coin- 
,mon direction or in countercurrent to one 
another. When used:for countercurrent flow of 
,liquids, .the ,tube is:at, least partly upright,, e. g., 
,vertical,, and :the liquids are of different den- 
sities; this results,in theformätion of two ]iquid 
phases,¢Jf ,diffërent densities which traverse the 
successive compartmënts in :opposite directions. 
The rotation of therotor discs imparts a further, 
, even more important, movement, fo the 'liquid, 4o 
causing intimate contacting,, as will appear :from 
the following description. The important novel 
features 0f the device according fo ,the.inven- 
tion reside in he arrangement of the discs and 
stators. ,The diameter of the .rotor discs is 45 
smaller, than ,,the, diameter of the opening in the 
stator bäffies. Futher optional improvements 
reside in the, reiationship beween the diameter 
:,of the.stationary,tube and,he di,ameter Of the 
rotor discs :and :the axial interval :between the 
baffles,::and also in:the shapes of thestator bal- 
:lies and discs, as will be described. 
Iris already known that extractions tan be 
carried out in ,a vertical cotumn, containing a 
:.vertical rotor shaft fltted :with a number of 
rotor discs or baffies::and,annular statorrings 
flxed : to ',the 'column. (See,, e, g.,  U. S. Patent 
No. li845,128.) According fo :the knwn :con- 
structions the diameter o'f therotor: bafltes' isïap- 

whereby, a marked divergence in the sizes of: the 
dispersed droplets of the ]iquid was brought 
about. , Thus, when the liquids are subjected to 
the agitating action of the irregularly-shaped 
rotating, discs and the 'stator, resulting in the 
dispersion, of one liquid inthe other, the par- 
ttcles :of :.the dispersed liquid vary greatly in 
sizes; this results in an unsatisfactory extrac- 
tion. 
 It ,fs an object of the present invention fo 
provide an improved rotating disc contactor 
vhichhas a higher contacting efficiency than 
,those lmown heretofore, ,andwhich can be more 
conveniently :assembled and disassembled. 
:5 A further object fs fo provide a rotating ,disc 
contactor wherein the rotor and stator bafltes 
:are shaped to, promote a greater homogeneity in 
the sizes of the dispersed droplets, thereby :to 
improve the extraction. 
Still  another object fs fo provide a contactor 
which will operate af high efficiency over a.wide 
range of,phase, ratios; and to provide a contac- 
for which can be easily adapted fo handle dif- 
feront liquid loads in different parts of the 
paratus. 
According to the invention if was found, 
contrary fo the prior views, that a more effi- 
cient contactor results when the rotor discs bave 
- diameters ,smaller than the diameter of the hole 
50 in the stator baffies, so that the surfaces of the 
rotor and stator balïtes are hot opposite each 
other, lurther, it was found fo be advantage- 
ous fo 'form these baffles with smooth, prefer- 
ably plane surfaces, te, avoid: random turbulence, 
55 thereby, promoting homogeneity in the sizes ,of 
,the dispersed droplets. 
The contactor according fo the present in:con- 
tion comprises an outer shell which,should vhen 
countercurrent extraction fs fo be practiced, be 
,00::af least ,partially upright, e. g., vertical; ,prefer- 
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ably, it fs circular in cross-section and bas cylin- 
drical walls, although the invention contemplates 
within ifs scope the use of shells of other shapes. 
The shell or column bas fitted within if a series 
of annular, stationary, transverse stator baflïes .5 
extending from the shell wall radially inwardly 
fo a central opening thereby dividing the shell 
into a series of compartments in communication 
with one another. The stator baflïes are prefer-. 
ably imperforate except for the cengral opening 10 
and are fiat or substantially so, whereby each 
baflïe bas two substantially plane surfaces per- 
pendicular fo the shaft axis. The use of stator 
baflïes of other outlines, e. g., frusto-conical sur- 
faces of revolution, is possible. They may be 15 
permanently fixed fo the shell wall or removably 
mounted in any desired manner, e. g., by being 
fl=ed go a removable cage or frame, and spaced 
axially with respect to the shell. The intervals 
between the baflïes, i. e., the lengths of the com- 20 
partments, may be uniform, but .may be Varied 
in certain cases, as fo take care of peak liquid 
loads as will be explained. These stator baflïes 
are provided throughout the part of the shell 
that fs fo serve as the actual contacting 'or. ex- 25 
traction zone; this may but need hOt extend over 
the full length of the shell. IAquid inlet and dis- 
charge ports are provided at suitable points, e. g., 
af-the ends of the shell; if desired, additional 
ports may be provided af one or more interme- 30 
diate points for the admission or discharge of 
liquid. 
A rotor shaft fs rotatably mounted substan- 
tially coaxially with the shell, and fs provided 
with suitable drive means for rotation ata high 35 
Speed. It extends through the openings in the 
 stator baflïes, and carries a plurality of rotor 
discs or baflïes arranged so that there fs one rotor 
baflïe within each compartment, approximately 
midway between adjacent stator baflïes. While 40 
fiat discs are preferred, the invention fs hOt lim- 
ited thereto, and other surfaces of revolution.may 
be used. The diameter of each rotor baflïes are 
less than the diameters of the central openings 
within the stator baflïes defining the c0mpart- 45 
ment containing the rotor baflïe. When, as in 
the embodiment illustrated, a cylindrical shell 
fs used and the stator baflïes are of equal di- 
mensions, the rotor baflïes are all of lesser di- 
ameter than the diameter of the opening in the 5O 
stator baflïes. By this arrangement the extrac- 
tiOn efficiency fs improved, and the above-men- 
tioned difficulties in assembling and dismantling 
the apparatus are avoided,ït being possible to re- 
more the rotor shaft and rotor baflïes through thc 55 
openings in thë stators. When the stators are 
hOt all of the same size, they may be arranged 
witi openings becoming progressively larger to- 
ward one end, thereby still permitting free more- 
ment of the shaft and rotor baflïes through the GO 
openigs. 
The invention, further, comprises other fea- 
tures bringing about added and marked improve- 
ment in the contacting efficiency, such features 
being of utility when applied in conjunction with 
the contactor described above, but which may be 
separately applied to such a contactor. The flrst 
of these features relates fo the relative dimen- 
sions of the Çhelland rotor baflïes. If was round 
that best results are obtained when the ratio of îo 
the infernal diameter of the shell to the diameter 
of the rotor baflïes fs from about 1.5 fo and in- 
cluding about 3.0. According to a second fea- 
ture, it was round that best results are obtained 
when the ratio of the internal diameter of the 75 

4 
shell to the. axial interval between the baflïes fs 
from about 2. to and including about 8. Sum- 
marizing the three optimum dimensional re- 
lations: 
d2 d, (1) 
1.5<<3.0 (2) 
. 2<--D<s (3) 
a 
where D fs the infernal diameter of the shell; dl 
and d are the diameters of the central opening 
in.the stator baflïes and the diameter of the rotor 
baflïes, respectively; and a fs the interval between 
the baflïes, all as indicated in Fig. 3. These re- 
lationsshould, preferably, apply throughout the 
contactor, even when the dimensions are hOt uni-- 
form throughout the column, except-in compar- 
ments wherein the diameter of the rotor fs de- 
creased and/orthe interval a is increased to take 
care of peak liquid loads as will be explained. 
According to still another feature, the rotor 
baflïes and stator..baflïes are preferably both 
formed--of comparatively rhin, sheet .material, 
e. g., metal or plastic, without irregularities, ribs, 
flanges, or-the like, thereby providing, each of 
these baffies with two substantially smooth faces. 
This results in an operation-whic h differs in an 
important respect from that of prior devices, 
wherein random turbulence was effected by irreg- 
ularities or perforations in these baflïes, and the 
dispersed droplets had widely different sizes. By 
the preferred arrangement according to the in- 
vention a far more uniform dispersion, of one 
liquid in the other: fs eff.ected, and .the extraction 
is materially, improved. One aspect o£ this im- 
provement fs a better relation between degree of 
contacting, rate of throughput and "flooding." 
Thus, as the speed of the rotor fs increased, the 
particles become more flnely disperse4EE and tend 
to settle more slovly, so. that there .results im- 
proved contacting and decreased capacity. If 
the speed of the rotor fs too high or_ the liquids 
are fed into the column too rapidly the con- 
tactor will "fiood." .If fs evident that the. flood- 
ing condition is largely determined by the pres- 
ence of many small dispersed droplets, which 
form an emulsion incapable .of settling. If the 
particle sizes are hOt uniform there will be com- 
paratively large dispersed droplets, .which. are 
hot properly contacted with the. other liquid, 
while the contactor fs already near to its fl0oding 
condition. By bringing about a greater homo- 
geneity in particle sizes the incidence of these 
large droplets just prior to flooding fs avoided, 
and the contacting efficiency is improved. 
The contactor may be employed for contacting 
liquids, either concurrently or countercurrently. 
In countercurrent extractions the liquid fo be 
separated may be passed in countercurrent fo a 
single solvent or a solvent mixture .admitted af 
the opposite end of the contactor; it may also be 
subjected to double countercurrent extraction, 
i. e., extracted with tw0 partially immiscible sol- 
vents which are caused to ïlow countercurrëntly 
to one another by introduction af spaced points 
in tle contactor, the liquid t0 be separated being 
introduced either with one of the solvents (usu- 
ally .the one with which it fs m0st miscible) or 
at a point intermediate to the points-ofintro- 
duction of the two solvents. 
The construction of the contactor according fo 
the invention will be further illustrated with ref- 
erence to the accompanying drawing forming a 



part of this: specification and illustraing .certain 
rpreferred embodiments, wherein: 
-Fig.l ,Is a section on a vertical plane; 
Fig. 2 isa section' on line 2--2-of Fig,: 1;. 
-Fig. 3 ris a diagram indicatig the important 
 dimensions; :: 
Fig..4  is a »schematic diagram illustrating,the 
.contacter in  section with auxfliaryequipment 
used therewith; 
iFig.-5 is: a 'fragmentary: sectional .view 
 modification; and 
Figs.:6. and 7 are schematic diagrams showing 
further modifications .... 
 Referring te F!gs. 1: and 2, the .apparatus ::con - 
sists of.a-c]osed .vertical column  of, circular 
cross section-and: cy]indrical shape havin_g:,a 
:axia] rotor shaït :2 jouçnal]ed,at its ends for 
rotation and having a pulley 2a by,vhich it may 
. berotated by a drive boit, not,shown. ,A plurality 
. of circu]ar, imperforate baiïles 3, ruade ofthin, 
fiat sheet 'metal, are'fixed to the ròtor shaft ïor 
rotation therewith with their plane surfaces 
. perpendicular te the shaftaxis. The inner.wall 
of the column is equipped withannular.hori- 
. zontal stator rings  ]ikewise:made ofthin,.fiat 
- sheet moral, but having circular central openings 
:concentric with the rotor, baiïles, and shaft ;.; they 
are arranged perpendicular: te the shaft axis-and 
]ocated se that they are approximately in the 
centers of the spaces between .adjacent ::rotor 
baiïles. The stator baiïles thereby subdivide the 
column into a vertical series of compartments, 
the height of-which is determined by:the.verical 
interval between baiïïes. This interval may be 
.uniform througheut the height of the 'column, 
but aise may be non-uniform as will be explained. 
According te the invention thednner diameter'd 
of the statorsis greater-than .g,the diameter 
of the rotor baiïles, whereby if is possible te insert 
the rotor assemb]y, consisting of the rotor shaft 
and rotor baffies, through the openings ,in"the 
stators, .and, if necessary, to:remove-this assem- 
 bly after removing the lidof the column. It will 
be noted that the ratio of D, the infernal diam- 
eter of the co]umn, te the diameter, of therotor 
baffies is, in the, embodimentaccording to ligs. 
1 and .2, .2.57, i. e., between 15 and 3, and that 
the. ratio of. the column diameter, te the vertical 
interval between ]ike baiïles is 3.48, i. e.,..between 
2 and 8. 
The stators ..are mounted only in the central 
part of the co]umn,. ]eaving settling.zones af both 
ends. nlet ports.  and. $ for the admission-.of 
heavierand lighter liquid, and ourlet ports 
and 8, for the discharge of contacted heavier and 
]ighter ]iquids, respective]y, are provided at:the 
ends of the co]umn. While it. is net necessary 
that the in]et, ports be.'locatëd beyond the baiïles, 
itis desirab]e in this embodiment te disp]ace the 
ourlet ports vertical!y frein the in]et.ports 
ward the ends of the column, as shown, te pro- 
vide settling zones or, af ]east, zones 0f.re'duced 
turbï]ence. Such an arrangement is, 'however, 
net essentia] te. the invention ,,and other.inlet 
and discharge arrangements may be  used, asfor 
example, external settlersasare shown in:-Fig. '4. 
Su usin:-the, contacter .the iquids te 
tacted !..lay be admitted and contacted either 
intermi:;entïy or continuously,' the latter being 
more general]y employed. æhen con.current'flow 
is  desired both liquids are fi]trod,]ced af o_ïe en 
(cither top or bottera) elther through the saine 
or different pors, of the columnand':withdrawn 

,liquids are introduced.continuously or intermit- 
,.ten!y at!'the..top and .bottera, respectively, and 
"ge 'contacter can be operated either se hat the 
 light liqnid,phase or se that the heavy ]iquid phase 
5 ,is/thecontinuous:phase. When the light ]iquid 
phase is,tobe:continueus the column is ïnitially 
: filledwith light liquid ;: thereafter the heavy liquid 
isdnroduced. and dispersed by the rotor discs, 
: pasSing downwardly.by, gravity and co]lecting at 
10 he bott0m.of he coltunn.to ferre a ]ayer of heavy 
liquid:below the leve] A. Byreg.ulating the rates 
of :feedand :drawoff:ofheavy liquid the interface 
 between li¢ht arfdheavy liquids is maintained ai 
tthe levelA. On'the other hand, when the light 
 15 diquid :phase ..is ,te tbe 'dispersed the column is 
:initiallF:,fi]led with heavy, liquid and the interface 
is maintained at the level'B near the top of the 
. ¢olumn-by regulating the rate of flow of heavy 
 liquid. 
20 It is preferl'ed'to operatethe contacter with 
, the:interface at the lower ]evel A, with the heavy 
tïquïd, phase/dispersed, because in most cases a 
.higher maximum lload 'can be attained for any 
i:given ro$or-speed than .when the lighteï liquid 
25::Phse :is dispersed. "Load" 'denotes the total 
srnount  ofilight, and, heavy Iiquid phases passing 
!,through.a compartment in unit rime, and "maxi- 
"mucaload" denotcs:the load at which flooding 
.0ccurs at'a given'r0tor speed. With a contacter 
T,o f the type described, wherein al] oompartments 
are 0f ïdentical construction and when the ]iquids 
:aresuch that'there is no substantial change in 
$he vol:.mes;and compositions of the phases, the 
floodin' limit is reached practica]ly simu]taneous- 
S ty in ail compartments as the load is increased, 
'këeping.the phase-ratio and the rotor speed 
»cönstat). 
When ]iht 'and heavy partial]y immiscib]e 
 liquids: areintroduced .into the column they ferre 
40 :.liht and :heavy ,liquid phases, consisting pre- 
:16minantly Of' the' ]ight and heavy initial liquids, 
, reSpectiVe]y, but one or both of these phases con- 
tains;some solute isso]ved out frein the other 
liquid. ïIn .countercurren extractions it is de- 
4;' sirable that .these resulting liquid phases have a 
,minimum len,ïty:difference of 0.0. grain per cubic 
«ceñ$imeter te permit countercurrent fiow by 
gavity,atreasonäb]e-lod; however, if is casier 
,o 'operate:the columnwith liquid phases having 
50 greater density differences, e. g., 0.08 grain per 
  cubic cetimetel'; and operations with such higher 
':denityïifferences«are more common. 
Either the ]ight orthe heavy liquid may be the 
solve.:t; the other liquid b¢ingthe liquid being 
55 .:extracted. :I.oEoreover, either the solvent or the 
liquid being extracted may ferre .the continuous 
' phae,, the other for.ming the dispersed phase, the 
."Choice being usua]ly ruade af ter considering the 
iflow ratio. Of the feed ]iquids. Both liquids are 
:o .usua]]y fed'into the contacter continuous]y, but 
.inter.mitent flow is also possible. For example, 
when the ]iquid forming the continuous phase is 
,,:solvent.or .treating agent capableof treating a 
.targer volume Of She other liquid, the former may 
(5 :be intro'duced or,rep]enished only intermittently, 
:and a:stresm,df the latter liquid may  be flowed 
through' n unohanging body of the former. 
'The operation of the contacter .wil] new be 'de- 
scribed, as,:app]ied, toithe countercurrent extra.c- 
,0 :.tion,;of. a:light hydrocarbon oil forming the con- 
-tin.uous Dhase witha heavier solvent, such as fur- 
fural or aqueous phenol, forming the dïspersed 
.... extract:hase. The column having been initially 

ai the opposite end. -InoDerating the contacter fitled with::0il, the :heavier solvent is introduced 
for countercurrent ,extraction heavy 'nd 'iht;5 «continuously.:..at.the.top.and-oil is intròduced=con _ 
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tinuously af the bottom while rotating the rotor, 
resulting in a fine dispersion of the solvent in the 
off, particularly ai the levels of the rotating baffies. 
The finely dlspersed droplets constitute the ex- 
tract or so!vent phase, wh}ch is collected and 
coalesced at the bottom and withdrawn through 
the port 7 ai a controlled rate fo maintain the 
interface ai the level A, suitable flow control and 
level-indicating means being provided, such as 
valve and level controller as shown in Fig. 4. 
The continuous off phase rises through the column 
and dispersed extract phase-settles from if ai 
the level above the inlet port 5. If is then dis- 
charged through the port 8 which is preferably 
fully open to permit outfiow of oil ai a rate de- 
termined by the off feed rate. This contacted 
off is often called the ranate phase. 
The mechanism of dispersion and intimate con- 
tact within the contactor may be described as 
follows. When the contactor is in operation there 
is, in the first place, a countercurrent fiow through 
the column of light and heavy phases. This fiow 
is caused by the difference in densities of the 
phases. The rotation of the rotor discs imparts 
a further and even more important movement fo 
the phases which may be explaiined as follows, 
neglecting, for the moment, the countercurrent 
flow: The centriîugal forces cansed by the ro- 
tation of the rotor discs induce fiow of liquld 
ïrom a rotor shaft radially outwards toward the 
column wall; this causes a fiow of liquld from the 
column walls radially inwards toward the rotor 
shaft in the neighborhood oï the stationary baffies. 
In addition, there is a rotation of the liquld 
ariund the rotor shaft. Thus, the motion of the 
liquid phase, apart ïrom the countercurrent flow 
of the phases, is torodal, as indicated by the 
lines T in Fig. 1. The fiow of the liquid resulting 
from the rotation of the rotor discs causes one 
of the liquid phases fo become reduced to a very 
fine state and dispersed because of the shearing 
stresses accompanying this fiow. Both move- 
ments of the liquid described are superimposed. 
ttence, for the schematic picture of the flow of 
the phases in the extraction zone we have a 
gravity settling of heavy drops in an ascending 
stream of light phase superimposed on a toroidal 
fiow, which is for the greater part in a horizontal 
direction. This toroidal flow causes local recircu- 
lation of both liquids within each compartment, 
and only portions of the liquid taking part in this 
fiow pass on to the next compartment by gravity. 
The path of the dispersed droplets of the heavier 
extract or solvent phase which pass on fo the 
next compartment, is fl]dicated in Fig. 1 by the 
line marked S. 
If is evident that the stream of dispersed sol- 
vent phase Sis, in each compartment, caused to 
more in a direction toward the column wall, 
where there is less turbulence; there this stream 
shows a tendency to become more coarsely dis- 
persed, ttowever, the stream is forced by the 
stator baffies fo change ifs direction and is even- 
tually--partiy owing fo the pumping action of 
the rotating baffies--once again sucked fo the 
tenter of the column, fo be again driven fo the 
wall of the column by the next lower rotor baffie. 
From the drawing if is evident that the dispersed 
extract phase crosses the ascending stream of off 
both ai the level of the rotor discs and near the 
stator baflles, thereby causing intensive extrac- 
tion. 
The speed of rotation of the rotor baffies is pref- 
erably such that the extract phase remains dis- 
persed throughout the column, in the less tut- 
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bulent parts near the column wall as well as near 
the rotor baflïes, except, of course, in the settling 
zones at the ends of the column. The con- 
tractor is, therefore, hot of the type having a 
5 number of successive mixing and settling stages. 
However, coalescence and redispersion of the dis- 
persed droplets may occur atone or more inter- 
mediate compartrnents under certain conditions, 
and the invention is not limited fo operations 
10 wherein such coaiescence is avoided. Itis de- 
sirable to op'erate the rotor af the maximum speed 
that can be attained without causing flooding. 
A further example of the use of the contactor, 
involving .double countercurrent extraction with 
15 two solvents is the exraction of lemon or orange 
off fo separate terpene hydrocarbons therefrom. 
In this case, pentane is fed in at the bottom as 
the light liquid solvent and methanol containing 
10% ,water is the heavy solvent which is fed in 
, ai the top and dispersed in the pentane. The 
lemon or orange off is introduced ai an inter- 
mediate point and occurs predominantly in the 
continuous phase. Methanol extract phase is co- 
älesced and drawn off af the bottom and pen- 
fi5 fane, together with the residue of the lemon or 
orange off, fiows off at the top. It was round 
that this extraction proceeded smoothly although 
these oils are known fo give emulsion troubles. 
Another common feature in the extraction of 
30 essential oils is the coagulation of proteinic bodies 
from the oil by the alcohols; these bodies com- 
bine at the interface in conventional equipment 
using successive mixing and settling zones. With 
the apparatus according to the invention, how- 
35 ever, these bodies are discharged from the ex- 
traction zone with the methanol phase, which is 
the dispersed phase, and collect outside of the ex- 
traction zone, i. e., in the lower settler, where they 
do hot interfere with the coa.lescence of the meth- 
0 anol drops. 
The contactor may be advantageously employed 
 together with certain auxiliary equipment, indi- 
cated diagrammatically in Fig. 4, wherein the 
contactor column I, provided with rotor baffies 
,_ 3 and stator baffies 4 as previously described, is 
«o provided with liquld feed pumps 18 and ! for 
the heavy and light liquid. Itis sometimes diffi- 
cult fo utilize the spaces at the ends of the column 
to settle out the dispersion because this necessi- 
tares taking measures fo avoid too high a tur- 
bulence in these end zones, such as operating the 
rotor shaft at a speed lower than that desirable 
for effective contacting. Moreover, this necessi- 
tares the use of sight gauges and/or liquld leve] 
55 controllers within the column. To avoid these 
difficulties if is offert preferable fo use external 
settlers. Thus, as shown, the dispersion is drawn 
off from the top and bottom of the column via 
lines  2 and ! 3 and passed into settlers ! 4 and ! 5, 
60 respectively. Settled heavy phase is returned 
from the settler  via line 6, clear light ]iquid 
being drawn off through ourlet line ! 7. Similarly, 
settled light phase is returned from the settler 5 
via line 8, clear heavy liquld being drawn off 
65 through ourlet line 9, controlled by valve 2{} and 
liquld level controller 2! fo maintain the inter- 
phase af the level A. 
In the extraction according to the foregoing 
70 paragraph the heavy phase was the dispersed 
phase, and the valve 22 in the light liquid ourlet 
line was fully open. When the light liquid phase 
is fo be dispersed the interface is maintained ai 
the upper level B by regulating the rate of fiow 
75 of heavy liquid by the valve 28 and liquid level 



eontroller 25, the controller 2 .beingin this,,cas e 
unnecessary .... 
As TaS indiced above, the. baffieSneed .not. in 
every case be riat, but may be suraceso revo!u 
tion. A modhïed..embQdiment.using frustorcon!- 
cal baffles .is, shown in Fig..5,.. wherein: the 
cohunn Ja, bas, a shaft 2 with fFast0-conical 
barres 3a and the staor, baffles. 4. are also 
frustorconical, It is.evident.tha the fiat barres 
of,Fig 1 form a special (and, Prefe:rëd),, 
baiïïes .which are: surEacesof revçlut$on,: the. gn: 
eratrix in .thé. case: being: pezpedicular t "the 
axis, of revolution. While Fig, 5 s0w boh:the 
rotor and star baffies to be frustonicaL it::is 
evident that eithe, one:could be, fiaç, A fU:ther 
modification shwn in.g. 5 is in:,th, mater of 
mounting, the. stator, rings in thç. column. 
stead of being. rmanent!y fixed t0 e. coln, 
e stators a are fixed to vertical rods 24  formr 
g a:frame-work which :.can be rem0vd:.fro:the 
top of the column ..... 
 The efficiencF of the :c0ntactor accordg ethe 
present invention.il! be, appar,nt fmm the data 
in,the folloving examples« ..... 
E,XAMPLE I 
The experiments.w:ere caçried:ou :with aver- 
tical colmnn hang .,dmeç 0f:9 m con- 
tainng fla horizontal, stao rings 
cicular h01çs havmg diamters  of 5: mm:: ad 
spaced: verically at 22 : mm, :Four:, different fo- 
tors, havï: fiat oter bes 
dicatedï tle;tabl e and à!iï:qPëçae,d :ç::i0 b eï 
olutions per Inute, were edin successive runs 
t0 extrc:açetic a.çi4 f0.-,a mxçgre of çtç 
acid:and, methyl isobtyl ketone, using war as::a 
Solvën: be mëfiyi:ïs:ob:Yl:::ëofie foNatfie 
lighter', continu0us hasë:ad:'a- fmea'the 
heavier, spersed extrgdt PhaSe, ' 
ïn ea5h tan, the Coïmn' as 10aded to the 
maximum: without: indè)fibdihg::  and thë 
total ëciency waS dëtm-mïhed:, 
ciency' ]s mea£t,heëi :tB'::OpC 
mum load (as preçious!y, dfied) in liteçs[ho 
and the emciendY 6f thë,eXhetin ëxpesed 
a, percntagë. (Ag  
that the extractie'actioh:ëï a omar'tment' of 
the Colum:'i, eqi i5 it :bï thbrëtiCdÏ :step 
or Stage;' ïEEa aëfi0n 0 :he :thëbrëtil 
sëe PerrY'w' chëiaï Ëngmeëi ' 
ëdïfion: i94ï, pe i2Ïb.J-' ¢ resuis 
are täbulte :Tasïe,i:: : 

Tab!ç . 

Total 
3150 
..... 2;'170 

10 
riciencies than those of xun 4 would result, show. 
ig the known c0rti0nS:t0 be iesïï,avq÷afile 
than that according,,t0 the invention. 
As to the width of.the, stator rings.it ean be 
5 remarked that with decreasing width the maxi- 
mtun load of the column increases and the effi- 
ciency decreases. Especially in the case of col- 
umns. with  a sma H diameer the width of the sta- 
tor rings can be small, even very small, since the 
10 pumpig actïorï caused by the rotor bafflés is so 
powerfu! that. the presence of the stator rings 
is not:or hardly reqttired for reversïng the radiaiÏ 
outward liquk{ stream as,indicated at S in Figi:i: 
As regards, the 'distance a between the stator 
15 baffies it can be remarked that the maximum lad 
as a function of this distance at rirst increases 
abUt, p.rppr.tï0ptÇly tohe distancè of the bafr 
ries, and--as ,soq:as. the distance betweën' the 
baffles: becomes equal to tte diamefe'of the 
0 tube--remas Practieally constanti that whën 
thë distance betwen he baffles iS incréasedthe 
efiïciency per compartmm]t (hence for: sJh baf:e 
fles) first risesslightly to become practically con- 
stant immediately after; and that the efficiency of 
'25 ac0.1umn of a certain length decreases according 
ly, aS there are fwer, compartments (stator bafr 
fles). In rieur.of theseconsiderations:the ratio of 
the diameter of the column fo the distance:ber 
tveen the rotpr baffles ia preferably,: chosen be 
30 tween 2and 8. 
EXAMPLE!: Il 
In order to determine the most favorable value 
of the speed o r0tïon 0f: tïe ob,bafflés he 
above extraction expëriments Were rëpedted with 
5 differèn spëels of rotation and Various ]oads Of 
thë clumrL ' The diameter of ihe rotor bffles 
TaS 30 mm.; the inner dïamëm: ëf' the stsJtor 
rins TaS 50 mm.; andthe distance 5eween the 
bffles WS 22 mm.  .......... ' " 
40 The rësfils are:listed i n Table II. 
Table.lf 

45 

Sped of 
rot£t]oh 
R. P. M. 

75 ..... 
,225 ...... 
,400; .... 
SO--=--- 

EfficiencF la Per, 
cent at a 10R in 
 l./h. Of-- 

Eflïciency 
at t hënïaxi= 
mure lod4> 

40 , 60 . 80 100, 
: 15 " 15 16 18 24 
21 22 ,24 26 31 
24 ' 25 27 30" 33 
27 1  28 30 34 35::1 
32 33 35' 37 

The data clearly show thà£. the bes ëSUlts 
are 0bained Wëh he fio Of the coln diam- 65 
eter to th.e rotor bafIle/diamëte i frm about 1.5 
 3.0.. The curve of togl eciency f his Ser{es 
of rs has a makum.ia t-he vidimY or d ti0 
2.63, and the tal. eciencY dç.crees, aÇ thë: rto 
is increased or deceased In,the caseof known 
cotructions, o£ rotating  disc Contacs-. in 
wch the diameter of the rotor baffies, exceeds 
e inner.dameter oLthe sator rings; the diam- 
Çtç q th e oto baffies vould,begreater than 50 
m:., Ça. !çç: ratQ wih even loe total er. 7 the.or:baffies. 22::mm. 

Maximum Total 
permissib]e Effi 
loa d ]./h. 
143 3, 430 
122 3, 780 
114', 3,760 
104 3/640 

The ab0ve,tale shows that in flel 6iumrï,Usë 
55 the best extractionwas obtainedwith a spëedo 
rotation of, 1200-:1600 R. P. 
If the diameter of :the, column is ,greate it can 
;beexpected that the optimum speed of rotation 
of, the baffies will decrease. 
60 The apparatus according to the invention bas 
also ,the advantage that the phase ratio has only 
litfle or no influence on,the, eflïciency of: the 
extraction, such in contrast to th,e known,ex 
traction aPparatus which generally shovs a con 
sidera'ble reduction of the efficiency, if the phase 
ratio becomes:greater ,than, 3 
 
The:ab0:e advantag is aPPar.ent fïÇmo thé,,, 
70 sults:of experiments listed in TïleIIL, 
,experiments ,were carried out with the aforemnr 
tioned column, in which the dimeter,of the rotor 
:baflles TaS 30 mm,, the inner diameter ofhe 
statoï rings 50 mm., and .the. distance beteen 
The.load amountedta 



il 

0-80 liters/hour. :The phase ratio is the ratio. 
of the quantity of extracting agent (water) to the 
quantity of the mixture to be treated (methyl 
isobutyl ketone÷acetic acid). 
Table III 

Speed of [otation R. P. M. 

1,225 ...................................... 
1,575 ...................................... 
1,850 ...................................... 

Efiïciency in per cent at 
a phase ratio of-- 

o.214 --1'° 5.o18 
19 23 

Theoretically speaking it may be assumed that 
the maximum load of the column wfll be approx- 
imately proportionate to the diameter of the col- 
v_mn and that the efficiency will hot vary with the 
diameter of the tube, at Ieast hot to an appreci- 20 
able extent. 
EXAM_PLE IV 
 A spindle off with a viscosity of 50 centistokes 
af the extraction temperatue was extracted .in 25 
countercurrent with furfural (1 part by volume of 
oil to 2.6 parts ,by volume of furfural) in an 
extraction column according to the invention. 
The diameter of .the column ,was 79 mm., the 
diameter of the rotor 'balïles 30 nm., the inner 30 
diameter of the stator rings 40 mm., the distance 
between the rotor balïles 22 mm., and the hum- 
ber of evolutions per minute 1200. 
At a total thro.ughput of 36 liters/hour (10 
liters of off and 26 liters of furfural) the efiï- 35 
ciency per compartment of the column was round 
to be approximately 32%. 
When comparing the present apparatus witti a 
s£milar apparatus of the saine .cpacity (150 
liters/hour), which, however, had no stator rings 40 
and in which the rotor consisted of a rotating 
cylinder without balïles, it appeared that in the 
latter apparatus the volume for a theoretical step 
is 11/2-2 rimes as large, in other words the efiï- 
ciency of this apparatus is 1 /2-2 times less than 45 
that of the device according to. the invention. 
It is well known in the extraction art that, 
under certain operating .conditions, greater liquid 
loads oecur at certain points of a countercurrent 
extraction zone than at other points of the zone. 50 
Such load diffeences may ,ï0e due fo volume 
changes or to the shuttling of solute :between the 
liquid phases, fiuid being "trapped" so to speak; 
such 3eaks in the liquid load may be caused by 
the use of temperature gradients. Further, load- 55 
ing peaks may result from introduction of sol- 
vent or of a liquid mixture to be extracted at 
an intermediate point in the .column. A com- 
monly encountered load peak oceurs near the 
point of introdtction of the liquid to be ex- 60 
tracted, particularly in the case where a double 
countercurrent extraction is used, i. e., an ex- 
traction wherein two at least partially immis- 
ci.'ble solvents are fiowed countercurrently throu.gh 
the contactor and the mixture to be extracted is 65 
introduced into the counterflowing solvent sys- 
rem, as in the extraction of lemon or orange off, 
as previously described. In such situations it may 
oceur that if all compartments are of identical 
construction most of them will be under-loaded ï0 
when the compartment carrying the peak load is 
near the fiooding condition. 
. The contactor according to the present inven- 
tion can be easfly adapted to increase the per- 
missïble maximum liquid load at whatever coin- 75 

partment or compartments loading çëa 
Either of two, or both expedients in conjunc- 
tion, can be employed: (a) The diameter d2 of 
the rotor baflte can be decreased somewhat under 
the diameter of the rotors in the other compart- 
ments. (b) The spacing a between balïles can 
.be increased somewhat bove that in the other 
compartments. The former results in a slight 
drop in stage efficiency in the modified compart- 
ment, whfle the latter reduces the stages per 
length of column. These expedients, however, 
result in an increase in the over-all total effi- 
ciency of the contactor in situations wherein peak 
loadings occur. 
The modification of the rotor balïle diameter 
and/or eompartment length may in some cases 
result in using ratios for D/d2 and D/a 'which 
fall outside of the preferred ranges. Thus, the 
former ratio may have val.ues from about 3 to 5, 
whfle the latter ratio may be as low as 1 or less. 
The first of these expedients is shown in Fig. 6 
wherein the lowmTnost rotor bafîle 3b, near the 
inlet port  through which the liquid tobe treated 
is introduced, bas a smaller diameter than the 
other rotor bafiïes 3. 
The second expedient is shown in Fig. ï, 
wherein the vertical distance between the two 
lowermost stationary bafîles b and c (and also' 
the distance between the two lowermost rotor 
bafîles Sd and 3e), near the inlet port  for the 
liquid fo be extracted, is greater than that 
tween the bafiles higher up in the column. 
It is evident that the number of compartments 
may ,be selected as desired, considerir.g the stage 
efliciency and the number of theoretical stages 
required. For example, contactors having from 
about 15 to 100 compartments are typical. 
I claire as my invention: 
1. A rotating dise contactor comprising a tubu- 
lar shell; a plurality of annular, stationary bafîles 
fixed within said shell extending from the shell 
wall t0 a central opening and dividing said shell 
into ca series of compartments; a rotor shaft ex- 
tending axially with respect to said shell through 
said openings; a plurality of disc-like rotor baffles 
fixed  said shaft, each rotor baffle being wholly 
within one o said compartmens and diplaced 
a substantial distance ,axially ïrom the stationary 
bafItes thereof and extending outwardly toward 
the Wall of said shell, .each of said rotor bafîles 
being smaller £han the openings in he stationary 
bafltes toward .one end of the shell from the re- 
spective roto.r bafIte, whereby said shaft and rotor 
baflles can be moved throngh said openings to- 
ward the said end .of the shell; means for intro- 
ducing and discharging fiuid at axially displaced 
points in said shell; and means for rotating said 
rotor shaft and rotor bafîles. 
2. A rotating dise contaetor according fo 
claire 1 wherein in at least the majority of the 
compartments the ratio of the infernal diameter 
of the tubular shell .at said compartment to the 
diameter of the rotor bafîle in said compartment 
is at least about 1.5 and hot greater than about 3. 
3. A rotating dise contactor according to 
claire 1 wherein in at least the majority of the 
compartments the ratio oï the infernal diameter 
o the tubular shell aç said compartment to the 
distance ,between the stationary bafItes of said 
compartment is at least about 2 and hOt greater 
than about 8. 
4. A rotating dise con'tactor according to 
claim 1 wherein said tubular shell is cylindrical 
and circular in cross section and all sta*ionary 
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baiïïes have circular openings w}th diameters 
gre.ater .than the diameters .of the rotor baflles. 
5. A contacbor according te claire 1 wherein 
the stationary baiïles and the rotor baiïles bave 
smoeth surfaces .of revolUtien, substantial!y free 
frein surface irregularities. 
6. A contacter according te claire 5 wherein 
the stationary baflles and the rotor baflles bave 
 plane surfaces disposed perpendieular te the axis 
.of the shaft.  
7. A rotating dise contacter for countercur- 
rently contacting a.t least partially immiscible 
liquids .comprislng an ai least païtially upright 
eolumn; a plurality of am]ular, sationaïy baies 
fixed within sa.id column eXt.ending fro.m the co!- 
umn wall te .a central opening and dividing said 
shell into a series of compartments; a rotor shaft 
extending axially with respect te said column 
through said openings; a plurality of disc-like 
rotor baffies fixed te said s'haft and extending 
outwardly toward the wal! of said column, each 
of said rotor baffies being located appr,oximately 
in the conter of a compartment between çhe sta- 
tionary baflles thereof, said rotor baffles having 
diameters less than the diameters of the openings 
in the stationary baffles of the respective com- 
partments; inlet means for introducing liquids 
af different levels into the column; ourlet means 
for discharging liquids ai different levels frein 
the column; and means or rotating said rotor 
shaft and rotor baffies. 
8. A rotating dise .contacter according te claire 
7 wherein ,the rotor baffies are formed of fiat sheet 
material disposed perpendicular te the shaït axis. 
9. A rotating ,dise contacter according te claire 
7 wherein the ,stationary,baflles are formed of fiat 
sheet material disposed per,pendicu]aa: te the shaft 
'axis. 
10. A rotating disc contacter accerdin fo claire 
7 wherein the column is .cylindrical, the stationary 
baiïles are of substantially the saine size through- 
out the column, and the .diameter of the rotor 
baflles near the inlet means for the liuid te, e 
.treated is smaller than the diameter of the rotor 
i aiïles in .other parts of he .column. 
11. A rtating disc contacter according te claim 
7 wherein the distance between stationary baflles 
near the inlet means for the liqid te be treated 
is greater than the distance between stationary 
baflles t other parts .of the calumn. 
12. A rotating .disc contacter for countercm'- 
rent]y contacting af least partially immiscib]e 
liquids comprising an af least partially upright 
column; a plurality .of annular, tatio.nary baflles 
fixed within said column extending frein .the col- 
umn wall te a central opening and dividin said 
shell into a series of compartments; a rotor shaft 
extending axially with respect te said coumn 
through said openings; a plurality of disc-like 
rotor baflles fixed te said shaft and extendin 
.outwardly Zoward the wall of said column, each 
of said rotor baflles being located approximately 
in .the conter of a compartmen't between the sta- 
tionary baflles thereof, .the ratio, o the infernal 
diameter .of the tubular shell te the diameter of 
the rotor baflles being, in af leas't .the majority 
of the compartments, ai least .about 1.5 and net 
greater than abo'ut 3; in]e means for introducing 
liquids af different levels into the coumn; ourlet 
means for discharging liquids af different levels 
frein the column; and means for rotating said 
rotor and robot baflles. 
13. A roating disc contacter for countercur- 
rently contacting at least partially immisci,ble 
liquids orrprising an 'at least partially upright 
coumn; a plurality o,f annular, stationary baflles 

14 
fixed within said column extending from %he eol- 
umn wall te a central ,opening ,and .dividing said 
shell into a series of compartments, %ho r.aio of 
the infernal diameter of the 'tubflar shell fo the 
5 distance between the statienary baflles being, in '' 
af least he majority of the compartmmts, ai 
least about 2 and notgreater than about 8; a 
rotin- shaft extending axial!y with respect te said 
column through said opening; a plura]ity of 
10 disc-like rotor baflles fixed te said shaft and 
extending .outwardly toward .the wall of said col- 
umn, each of said rotor baffles being located 
approximately in the conter of a compaïtment 
between the tationary baft!es OEhereof; inlet 
15 means for introducing liquids ai differenblevels 
into the column; ourlet means for discharging 
liquids ai different levels frein the column; and 
means for rotating said roor and roor baflles. 
14. A rotating .disc extraction column for 
20 co.untercum'ently contacting af least partially 
imrniscible liquids of different densities compris- 
ing: a vertical, cylindrical column of substan- 
tia]ly circu]ar cross section having an interna] 
diameter D; an ourlet opening ai each end of 
e5 the column for the discharge .of contacted liq- 
uids; an inlet opening near each end of the col- 
umn for the introduction of liquids te be c,on- 
tacted, said inlet openings being spaced vertically 
frein the out]et openings away frein the ends of 
30 the column te provide a settling zone between the 
inlet and .ourlet openings ai each end .of the col- 
umn; a series of annular, stationary baflles of 
rhin, fiat sheets with ,plane upper and lower sur- 
faces disposed horizonta]ly within the co]umn, 
.. each baflle extending fro.m the column wall 
 radially inwardly te a central circu]ar opening 
o.f diameter d, said ,baflles being imperforate ex- 
cep,t for said circular opening and being spaced 
ai substantially uniform vertical intervals a and 
lo.cated between said inlet opening,s; a rotor shaft 
40, substantial]y .coaxial with .the co]umn mounted 
for rotation and extending through said openings 
in %ho baflles; and a plurality of circulm-, imper- 
orate roter baflles with diameters de of rhin, fiat 
sheets with plane upper .and lower surfaces fixed 
45 o the shaft for rotation therewith with their sur- 
faces perpendicular te the shaft, said rotor baflles 
being spaced along the rotor shaft at substan- 
tia]]y uniform vertical interva]s a and located 
te cause one rotor b.aflle te lie substantially af the 
50 conter of each space between adjacent staionary 
baffies; the relations between the dimensions 
tated in ai least the majority of said compart- 
ments being such that: 
5 1.5__3.0, 2__8, and d<d 
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